Introduction
Between 2003 and 2009, substantial progress was made toward the previous World Health Organization (WHO) goal of measles elimination in the European Region by 2010. However, since late 2009, measles virus transmission has increased, and outbreaks have become widespread. In 2011, measles outbreaks were reported in 36 of 53 WHO European Region member states. Overall, the primary reason for the increased transmission and outbreaks of measles in the WHO European Region is failure to vaccinate susceptible populations [1] . The European Surveillance System (TESSy) detected a total of 30,567 cases of measles throughout the European Union (EU) and European Economic Area (EEA) [2] .
The mean coverage of vaccination against measles increased from 1990 to 2008 in the WHO European Region, reaching an estimated average measles vaccine coverage of 95% or above in 30 of the Region's 53 Member States [3] . The appearance of outbreaks, particularly in Western Europe and more recently in Spain, has been related to the existence of pockets of susceptible people. These can often be divided into two main groups: a growing number of susceptible children of parents who distrust vaccinations, and those belonging to disadvantaged groups [3] [4] [5] [6] . In Spain, 45 measles outbreaks were recorded across 17 autonomous regions in 2011, reaching a total of 3,647 cases [7] . The majority of these occurred in Andalusia (n=2,113 cases), Madrid (n=601) and Catalonia (n=315) [7, 8] .
In Andalusia, childhood vaccination against measles began in 1984. The measles-mumps-rubella (MMR) vaccine is administered at the age of 15 months. Since 1990 a second dose has been administered at the age of 11 years. In 2004, the age for the second dose has been changed to three years. Before 1984, between 8,000 and 98,000 cases of measles had been recorded annually, representing an incidence rate of 130 to 1,500 cases per 100,000 inhabitants per year. After the introduction of vaccines, the incidence rate fell dramatically, with just three cases per 100,000 inhabitants per year recorded in 2002 and 2004. Two small outbreaks were recorded in 2003 (Almeria, 185 cases) and 2008 (Algeciras, 247 cases) [9] . In 2010 an epidemiological alert protocol for measles was introduced in Andalusia, which set out the steps to take in the event of an outbreak or sporadic measles cases recorded [10] .
In Granada Province, the incidence rate for measles had continued to fall since the two major epidemics in 1983 and 1985, with no cases at all recorded in 2001 and 2002. This trend was interrupted in 2009 with an outbreak of 22 cases among children in the south of the province, most of whom had not been vaccinated for ideological reasons [11, 12] . In October 2010, a measles outbreak began in the Albaycín neighbourhood of the city of Granada and later spread across the rest of the city and throughout the province. Initial data for this outbreak have been published on previous occasions [5, 6] .
The objective of this study was to describe and analyse the characteristics of the outbreak recorded in Granada Province, and the measures taken to control it.
Methods
A descriptive analysis was done of the measles cases recorded in Granada during the epidemic period, on the basis of the variables of patient, location and time. Cases were considered confirmed i) when there was a laboratory diagnosis of infection or ii) when the rash had first appeared seven to 18 days earlier and they had an epidemiological link to a laboratory confirmed case. Laboratory confirmation was carried out by serology, (detection of specific IgM) and/or PCR or by isolating the virus in a throat culture or in urine. In accordance with the existing protocol, cases were considered clinically compatible when they met the clinical criteria but there was no laboratory confirmation or link with a confirmed case [10] .
Outbreak data were obtained through the Andalusian Epidemiological Surveillance System's (Sistema de Vigilancia Epidemiológica de Andalucía, SVEA) alert network and processed using Microsoft Excel and Epi Info version 3.4.3. The univariate analysis included the calculation of means and medians for quantitative variables, and frequencies and percentages for qualitative variables. Incidence rates per 100,000 and by age group were also calculated.
Results

Outbreak description
On 25 October 2010, two cases of measles were recorded in unvaccinated children from the Albaycín neighbourhood of Granada. From that date until 27 August 2011 (week 34), considered to be the epidemic period, 372 suspected cases of measles were recorded throughout Granada Province: 287 of these were confirmed and 21 were compatible cases, and 64 were rejected. These 308 recorded measles cases represented an incidence rate of 33.6 cases per 100,000 inhabitants over the period of the outbreak.
In the first wave of the outbreak between 10 and 12 October 2010, there were six confirmed cases, all involving children of between one and 13 years-old who belonged to a religious community in Albaycín and had attended a family event that took place between 15 and 16 days before their onset of symptoms. A second and third wave of new cases were identified, with 10 and 16 cases, respectively, who had known epidemiological links with earlier cases within the family, neighbourhood, at school or at the hospital (Table) .
With the progression of the epidemic, 148 cases occurred in the city of Granada and municipalities in the surrounding metropolitan area for whom there was no known contact with earlier cases. Finally, in late spring and early summer 2011, the outbreak reached the south of the province, where the last cases were recorded on 27 August 2011.
In 31 cases (10% of the total), measles infection was acquired at a healthcare centre. Eleven of the registered cases were healthcare workers; nine of them were between 25 and 36 years-old and two were older than 45 years. Six were doctors in training. There is no evidence of secondary cases as a result of transmission via these healthcare workers.
The average age of cases was 15 years (range: 25 days to 48 years). The measles incidence was highest in children under the age of 16 months (679.5 cases per 100,000 inhabitants), followed by children aged between 16 months and four years (106.6 cases per 100,000 inhabitants). Among the total number of cases, 80 (26%) were younger than 16 months and 134 (44%) were between 15 and 34 years-old. There were no cases older than 48 years ( Figure 1 ).
The age distribution among the initial cases, which occurred in the Albaycín neighbourhood, was different from the later cases in the outbreak, with a predominance of cases (21 of 26 cases) in children between 16 months and 14 years-old ( Figure 1 ).
The sex ratio (male/female) was 1.18 for the entire outbreak. The hospitalisation rate was 23% (71 cases), lowest for the age group from five to 14 years (6.2%) and highest for the age group 34 years and above (47.8%). No deaths were recorded during the outbreak period.
Laboratory confirmation
Of the 287 confirmed cases, 254 (89%) were confirmed in the laboratory: 56 cases (22%) by PCR alone, 80 (32%) by serology (positive IgM) alone, and 118 cases (46%) with both methods. The genetic sequence of 22 samples that were sent to the National Microbiology Centre at the Carlos III Healthcare Research Institute, WHO reference laboratory for measles in Madrid, Spain, corresponded to the B3 genotype. These 22 samples had been taken at different times and places during the outbreak. 
Vaccination coverage
In 89 % of the 287 confirmed cases, the patient had not received any dose of MMR vaccine. Moreover, 81% of the 138 patients aged between 16 months and 24 years (the age range in which a high level of vaccination coverage is to be expected) had not received any dose of the vaccine. One dose of MMR had been given to 31 cases, for 10 of them documented. No case had received the second MMR dose.
Control measures
From the moment the first case was declared, the measures given in the alert protocol for measlesnamely, isolating the cases and monitoring contact were adopted in order to prevent new cases from developing (Figure2).
The initial actions were aimed at the affected five institutions: two childcare centres (children aged 0-3 years) with one and two cases, two primary schools (children aged 3-12 years) in the neighbourhood with one and 10 cases, and one secondary school (children aged 12-16 years) in the city centre with one case. In four of the five schools, the parents were cooperative in terms of checking and keeping up to date with the vaccination schedule for the children. However, in the primary school in which the first cases had appeared, the vaccination coverage was low (63% of the ca. 200 pupils). Meetings with the parents were organised and informative letters were sent to the homes of all children in schools and childcare centres in Albaycín, requesting that the parents present the children's vaccination records and/or give written consent for their children to be vaccinated. Some parents refused the proposed vaccination on religious or ideological grounds (antivaccination beliefs based on naturopathy or alternative medicine).
On 10 November 2010, burofaxes (a reliable means of communication in Spain) were sent to the parents of 79 students demanding the vaccination of the child or the presentation of the vaccination card in the school. In response, 44 children were either vaccinated or presented their card ( Figure 2 ).
As the parents of 35 pupils at the primary school either failed to respond or rejected the vaccination, the Regional Ministry of Health requested authorisation from Granada Contentious-Administrative Court on 18 November 2010 to adopt the measures it considered urgent and necessary for public health, in accordance with the Special Measures for Matters of Public Health Act (Organic Law 3/1986 of 14 April 1986). The Ministry requested the forced vaccination of those children whose parents had expressly refused it or had failed to submit the child's vaccination record. Six days later, the presiding judge agreed to "authorise the forced vaccination of the 35 children named in the list provided by the Provincial Office. The vaccination may be performed at the primary school, at the hospital or in the children's homes, and is to be performed by specialist healthcare professionals".
The parents of said children were informed of this decision immediately. As a result of the decision, four children were vaccinated and a further 21 provided evidence that they had already been vaccinated or had already had measles (four of them had contracted measles during the ongoing epidemic). Some families rejected the vaccination.
On 2 December 2010, the provincial office of the Regional Ministry of Health submitted a written report to the court stating that it believed the situation of special risk detected at the primary school to have passed, as the proportion of pupils with immunity, whether through vaccination or contracted disease, exceeded 95%, which was considered sufficient to control the outbreak and render the forced vaccination of the remaining ten children unnecessary. The presiding judge responded that it was up to the Ministry to decide whether or not to carry out the authorised measures.
On 22 July 2013, the High Court of Justice of Andalusia refused the appeal lodged by two parents against the forced vaccination of their children.
Another measure was adopted during November 2010, when new cases of measles occurred, many of them in infants outside the Albaycín neighbourhood: the Regional Ministry lowered the age for the first dose of the MMR vaccine and authorised its administration to all children aged 12 months in the city of Granada and to those in other municipalities where one or more cases had been reported, for the period while the risk remained. This measure was modified two weeks later after measles cases were recorded in children under the age of 12 months: the Ministry decided to lower the vaccination age further to include all infants aged six months and older in the city of Granada and in those municipalities in which one or more cases had been recorded.
At the beginning of the outbreak, two cases were recorded who had contracted the infection at the paediatric accident and emergency department at a hospital in the city of Granada. Consequently, and in accordance with the alert protocol, the decision was made to isolate suspected cases at the accident and emergency department and to distribute information concerning the outbreak to the medical services that could potentially be affected. Serological tests and vaccination of healthcare workers under the age of 40 years was
Figure 2
Control measures adopted during the measles outbreak in Granada Province, 2010-11
October November  December  13 14 15 16 17 18 19 20 21  4 5 6 7 8 9 10 11 12 13  22 23 24 25 26 27 28 29 30  14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2  31 1 2 3 Sending of burofaxes b to parents who had not confirmed the vaccination (37%) • 21 children confirm that they are vaccinated or have recovered from the illness • Obligatory vaccination of four children • 10 children remain in an unknown state of vaccination or reject vaccination
Vaccination coverage of the school population (95%) near the optimal coverage of the general population 137 students (63%) confirm correct MMR vaccination in the primary school.
MMR: measles-mumps-rubella. a The request for vaccination cards was put out in different meetings and by letter. b Burofax: a means of notification that confirms the content of the communication and serves as evidence in court and public administrations.
recommended. A few tests were negative and there is only a record of four of those workers being vaccinated.
Discussion
Measles incidence rates as high as those reached in Granada Province during this outbreak have not been recorded for more than 20 years. The median age of the cases diagnosed at the start of the outbreak in 2010 was two years, which was much younger than the median age (19 years) of the cases diagnosed in 2011. The first waves of the epidemic involved many unvaccinated children living in the Albaycín neighbourhood. We think the main reason was that their parents were opposed to vaccination [6, 12, 13] . The higher age of cases in 2011 is suggestive of a historical pocket of susceptible adults (born before the start of the vaccination regime in 1984 but who did not contract the disease because vaccination rapidly interrupted the circulation of the virus). This phenomenon was also observed in other outbreaks occurring in 2011 in Spain and other European countries such as France which reported the largest number of cases (approximately 14,000). The median age of cases in those outbreaks were, respectively, 18 years (Spain) and 16 years (France) [2] .
Due to the effectiveness of the vaccine, the majority of cases in the Granada outbreak occurred in an unvaccinated population. These were not only children under the age of 15 months not eligible for the first dose of the vaccine, but also a larger than anticipated unvaccinated population of susceptible adults born before 1984 and people who had not been vaccinated on ideological and/or religious grounds or as a result of belonging to an underserved population [12] . [12] [13] [14] . At the start of this outbreak, there was a risk of the disease spreading to the rest of the city because a significant proportion of parents in the Albaycín neighbourhood were not willing to support the catch-up vaccinations. This led the Regional Ministry of Health to adopt a highly unusual measure: it requested the Contentious-Administrative Court to authorise the forced vaccination of 35 children. The court's decision in a situation of conflict between the right to choose not to be vaccinated and the protection of the health of the collective was a significant boost to the control activities: it changed the attitudes of some of the parents, prompting them to have their children vaccinated, and made it possible to determine that many of the other children were not susceptible to measles.
Coercive measures can be necessary to control outbreaks in certain situations
A precedent of a coercive measure adopted by the health services and supported by the legal authorities had occurred in Berlin in 2010, during an outbreak of measles at a private school (a 'Waldorfschule') where many pupils had not been vaccinated as a result of their parents' anti-vaccination stance. The public health authorities decided to adopt the legal measures foreseen in the legislation, such as withdrawing from school those pupils who were unvaccinated and who had not already contracted (and recovered from) measles. The parents lodged an appeal against this decision with Berlin Administrative Court; however, the judge found in favour of the utility and legality of the measure [15] .
Exclusion from school of children that were unvaccinated and/or not immune was recommended in the Albaycín school, but never imposed by the education or legal authorities. However, faced with the inefficiency of this recommendation, the health authority later decided to appeal to the court to apply forced vaccination as a measure of control. According to the literature consulted, this measure had not previously been taken in Spain or in other countries in Europe.
A significant proportion of the exposed healthcare workers, such as training medical specialists and other young professionals, were part of the group considered susceptible on account of their age (25 to 35 years-old). Given that on this occasion, the efforts made to vaccinate health workers were not sufficient to prevent the disease, it would be important to ensure the vaccination schedule for these professionals is up to date when they start work [11, 16, 17] . Contact with other patients in the accident and emergency departments of the hospitals involved led to the infection of at least 20 people who had visited the hospital for other reasons. This highlights the importance of reinforcing the early diagnostic isolation and treatment measures for suspected measles cases during an outbreak.
The most frequently recorded genotype in the latest outbreaks in Spain (Madrid, Seville and Valencia) and across Europe was the D4 genotype [18] . The B3 genotype isolated in the Granada outbreak is less common in Spain and the rest of Europe and could have been imported from Africa [19] .
In conclusion, the measles outbreak recorded in Granada during 2010-11 was notable for the low vaccination coverage among certain sections of the population, the role played by nosocomial transmission of the disease, and the use of court-approved coercive measures to gain control over the outbreak.
